S U M M A R Y S E T T I N G :
Despite worldwide scale-up of human immunodeficiency virus (HIV) care services, relatively few countries have implemented isoniazid preventive therapy (IPT). Among other programmatic concerns, IPT completion tends to be low, especially when not fully integrated into HIV care clinics. O B J E C T I V E : To estimate non-completion of 6-month IPT and its predictors among HIV-positive adults aged 716 years. D E S I G N : A prospective cohort study nested within a cluster-randomised trial of TB prevention was conducted between February 2012 and June 2014. IPT for 6 months was provided with pyridoxine at study clinics. Non-completion was defined as loss to follow-up (LTFU), death, active/presumptive TB or stopping IPT for any other reason. Random-effects logistic regression was used to determine predictors of non-completion. Interventions to further improve retention should target immunosuppressed HIV-positive adults and address side effects. K E Y W O R D S : tuberculosis; loss to follow-up; risk factors; prospective; sub-Saharan Africa TUBERCULOSIS (TB) IS A GLOBAL public health threat, with a quarter of the population estimated to be latently infected worldwide. 1 In 2015, the World Health Organization (WHO) estimated that there were 10.4 million incident TB cases and 1.4 million TB deaths globally. 2 Approximately 11-13% of incident TB cases are co-infected with the human immunodeficiency virus (HIV). [2] [3] [4] HIV-associated TB is highest in the WHO African Region, with HIV prevalence in TB patients exceeding 50% in some parts of southern Africa. 2, 5, 6 Isoniazid (INH) preventive therapy (IPT) reduces the overall risk of TB in HIV-infected individuals by 35%, with greater reduction among tuberculin skin test (TST) positive individuals (pooled relative risk of 52%). 7 When IPT is combined with antiretroviral treatment (ART), there is a multiplicative protective effect. 6, 8, 9 Since the late 1990s, at least 6 months of IPT has been recommended by the WHO for HIVpositive individuals. Guidelines from 2015 now recommend no less than 36 months for people without symptoms of active TB, irrespective of CD4 count, availability of TST, ART status or pregnancy. [10] [11] [12] In high TB incidence, resource-constrained settings, absence of current cough, fever, night sweats and weight loss can be used as a screening tool for IPT eligibility. [13] [14] [15] [16] IPT provision should be supported by regular adherence support and monitoring, and ideally accompanied by pyridoxine to reduce the risk of symptomatic peripheral neuropathy. 17 Barriers to the uptake and completion of IPT have been widely reported, and include longer regimens, 18, 19 lack of health worker training and patient education on treatment guidelines, 18, 20 distance from the clinic and incompletely integrated HIV-TB care. 20, 21 In Malawi, the first wide-scale use of IPT by the national HIV programme was not implemented until 2015. 15, 22 Lack of nationwide implementation was initially driven by concerns from the National TB Programme around the theoretical risk of inducing INH resistance, given the difficulties of excluding active TB disease, and historically low completion rates under stand-alone IPT services. 21, 23 Experience, however, suggests little impact on drug resistance patterns in practice. 15 From the perspective of HIV programmes, ongoing concerns have included the cost and logistics of adding one (INH) or two (plus pyridoxine) drugs to already overstretched HIV care programmes, with the increasing pill burden and side-effect profile potentially having a deleterious impact on ART adherence, and the limited evidence of broader health benefits beyond TB prevention. Understanding the factors associated with noncompletion of IPT could therefore help accelerate wider implementation, and inform strategies to improve both the uptake and completion of IPT at the programme level.
The main aims of the present study were to estimate non-completion of IPT and determine its predictors among HIV-positive adults initiating a 6-month course of IPT delivered in urban Blantyre by a research project before national roll-out.
MATERIALS AND METHODS

Study design and participants
This was a prospective cohort study nested within the intervention arm of a community cluster randomised trial of TB prevention (HitTB: ISRCTN02004005) conducted between February 2012 and June 2014. In the parent trial, community-based HIV testing and TB active case finding were offered in the 14 urban intervention communities comprising 16 660 adult residents, while 14 control communities received TB active case finding only. The trial profile and HIV testing procedures have previously been described in detail. 24, 25 In brief, participants who tested HIV-positive in the community were referred to their nearest primary care clinic for confirmatory HIV testing and counselling (HTC), WHO clinical staging assessment, CD4 count measurement, and linkage to HIV and TB care and prevention services, including IPT, all of which were completed by study nurses. Eligible participants for this cohort study were HIV-positive adults aged 716 years who were resident within intervention neighbourhood clusters in urban Blantyre, Malawi, and who initiated IPT as part of trial interventions. During clinic assessment, participants were assessed for IPT eligibility using a symptom screening tool, with the presence of any of cough, fever, weight loss or night sweats prompting clinical assessment and investigation for active TB. Participants without TB symptoms and weighing 735 kg were offered 300 mg INH and 25 mg pyridoxine once a day for 6 months to minimise the risk of INH peripheral neuropathy. IPT was, however, stopped in patients who developed neuropathy without attempting to distinguish the causative agent.
Follow-up and outcome measurement IPT was dispensed separately from ART, such that patients also receiving ART had to visit a second clinic room within the same facility for their repeat IPT prescriptions and final follow-up on months 1, 2, 3, 4, 5 and 6. IPT follow-up visits were harmonised as far as possible with other HIV care clinic appointments, but in some instances a special IPT visit was required. Adherence to IPT was monitored through monthly prescription refill records. During IPT clinic visits, participants were screened for TB symptoms (and investigated if required), and assessed for adverse events. The main emphasis was on early detection of clinical hepatitis and peripheral neuropathy through systematic enquiry for jaundice, nausea or vomiting, or any symptoms of peripheral neuropathy. All toxicities that led to IPT being temporarily or permanently discontinued, and all grade 3 or 4 toxicity effects, 26 were recorded in participant-held treatment cards as well as in clinic registers.
Participants with serious adverse events (SAEs) were referred to Queen Elizabeth Central Hospital, Blantyre, for clinical management. SAEs and other adverse events were documented and reported to the Malawi College of Medicine Research Ethics Committee (COMREC), Blantyre, by the principal investigator (PI). Participants who died were followed up by verbal autopsy through a community liaison system of the parent trial, to ascertain the cause of death. IPT was given on a monthly basis, and participants who did not make all six clinic visits to refill INH due to loss to follow-up (LTFU), death, active/presumptive TB or having stopped treatment for any other reason, were classified as not having completed IPT. Home tracing for participants lost to follow-up was not conducted.
Data collection and analysis
Study participant IPT registers were used to record baseline demographics, clinical characteristics and monthly outcomes. Data from the IPT registers were extracted using an optical character-recognition system, and imported into the study database. Descriptive statistics were used to characterise study participants, and to estimate the proportion of participants lost from IPT, stratified by clinical and socio-demographic characteristics. Age, sex, baseline WHO stage, CD4 count, ART status, provider of HTC service, reported past anti-tuberculosis treatment, year of IPT initiation and side effects were considered to be potential predictors of non-completion of IPT. All potential predictors were evaluated for inclusion in a multivariate model, 27 with age and sex included a priori. The final multilevel logistic regression model adjusted for patient characteristics, and a random-effect term to account for clustering by participant neighbourhood of residence. 25 Analysis was carried out using Stata v14.0 (StataCorp, College Station, TX, USA) and R v3.3.1 (R Foundation for Statistical Computing, Vienna, Austria).
Ethics consideration
The parent study protocol was approved by the COMREC, Blantyre, and the London School of Hygiene & Tropical Medicine, London, UK. Participants provided written (or witnessed thumbprint) informed consent for HIV testing interventions, and verbal consent to initiate IPT as part of routine clinical care.
RESULTS
Characteristics of study participants
Of the 16 660 adult residents of the 14 intervention clusters, 14 004 (84.1%) underwent study HIV testing and 1725 (12.3%) were confirmed to be HIV-positive. Of the 1557/1725 (90.3%) HIV-positive participants screened for IPT eligibility, 1301 (83.6%) met the IPT eligibility criteria. Non-screening of 168 individuals was due to unavailability. Noneligibility of those screened was due to presumptive TB (212/256, 82.8%), active TB (14/256, 5.5%), epilepsy (11/256, 4.3%), high alcohol intake (10/256, 3.9%), previous reaction to IPT (6/ Approximately half of this large cohort study comprised HIV-positive participants who were started on cotrimoxazole as well as a first-line ART regimen (stavudine/lamivudine/nevirapine [d4T/3TC/ NVP]), which is known to have side effects that overlap with those of INH, notably peripheral neuropathy, hepatitis and nausea. IPT was generally safe and well tolerated, with only 60 (4.6%) participants reporting side effects. Eight patients developed peripheral neuropathy, all of whom had also recently been initiated on d4T-containing ART regimens. Other side effects, including skin rash, were 
DISCUSSION
A quarter of the adults diagnosed as HIV-positive did not complete IPT in this prospective cohort study, which recruited participants from urban communities of Blantyre. Independent risk factors for non-completion of IPT included being in WHO stage 3 or 4, having a CD4 count of ,350 cells/ll and having side effects due to INH. Most non-completion (75.9% of 320 non-completers) was due to LTFU for unknown reasons.
The highest risk period for LTFU was immediately after confirmatory HIV testing, but before assessment for IPT eligibility (168/1725, 9.7%). The period immediately following diagnosis is known to be a high-risk period for loss to health services for other conditions, such as TB, as well as for HIV testing in routine clinics. National HIV programmes should focus on supporting newly diagnosed patients to remain in care, and they should streamline and integrate IPT eligibility assessments as far as possible. The completion rate of 75.1% reported in the present study is much higher than estimates from several 4 This finding suggests that setting-specific factors, including the configuration of joint HIV-TB services, have an important influence on completion of IPT, underscoring the importance of studies such as this one. While those aged ,30 years and females have been shown to be less likely to complete IPT in previous studies in Africa, 23, 29 we did not find these characteristics to be associated with non-completion of IPT in the present study, which provided IPT separately from other routine HIV care, but at the primary care level. Our data show evidence of programmatic learning and the importance of an accompanying ART regimen, with substantially lower discontinuation rates in 2014 than in 2012. This is likely due to the combination of growing prescriber confidence from familiarity with IPT and a programme switch to a better tolerated first-line ART regimen (tenofovir/ lamivudine/efavirenz, TDF/3TC/EFV) from February 2014. It should be noted that the previous d4T-containing first-line ART regimen (d4T/3TC/NVP) was the most likely cause of peripheral neuropathy in patients started on both ART and IPT (as pyridoxine was provided to minimise INH-related peripheral neuropathy). However, to simplify subsequent ART management, we elected to manage these events pragmatically by discontinuing IPT and referring patients for alternative first-line ART.
Limitations of the present study included use of self-reported adherence and pill counts, which are less sensitive measures of adherence than, for example, urine drug tests or electronic Medication Event Monitoring System devices. Our completion rates could therefore have been overestimated. Other characteristics, such as marital status, education levels, employment status, religion and ethnicity, play roles in treatment adherence, as reported by other studies, 28, 29 and were not captured in the present study.
The main strength of our study was that potential predictors of non-completion of IPT were determined before ascertaining the outcome, thereby minimising information bias. Unrecognised deaths have comprised a substantial fraction of LTFU in other studies, and could explain the higher rates of non-completion among immunosuppressed individuals reported here. However, we think this is unlikely, as the parent study had systematic reporting of all deaths in the community with follow-up verbal autopsy. An alternative explanation could be that participants with lower CD4 counts may have been more likely to migrate out of this urban slum setting if unable to work due to ill health.
The main policy implications of our findings are to underscore the increased risk of loss to TB prevention services in the period immediately following HIV diagnosis. Our data also highlight the importance of early diagnosis of HIV and prompt ART and IPT initiation, 30 as the more severely immunosuppressed HIV-positive adults were at greater risk of failing to complete IPT. A number of interventions, including automated mobile phone short message services (SMS), smart-phone applications and home visits by lay counsellors, could be considered to provide extra support to help retain high-risk individuals in their first months of HIV care. 31 IPT guidelines would benefit from detailing the health messages and information needed by individuals initiating IPT to specifically address the potential side effects for patients starting both ART and IPT.
In summary, completion of 6 months of IPT among HIV-positive adults from poor urban communities in Malawi was suboptimal, but better than observed in several other primary care clinic settings. IPT was well tolerated, especially in the year after the national switch away from a d4T-containing first-line ART regimen. Interventions to further improve retention should target the period immediately after HIV diagnosis, with support for the more immunosuppressed patients, as well as providing treatment literacy on the benefits of IPT and known side effects. Programmes offering IPT through clinics that are not fully integrated into other pre-ART and ART services should also focus on supporting patients to complete their first and second months of IPT initiation, as most patients drop out at these stages. 
